1. The treatment of the Zeeman effect from the point of view of Schroedinger's theory presents certain difficulties. Let us consider the case of a hydrogen atom in a homogeneous magnetic field of the strength H. We start from the customary expressions of the Hamiltonian function for this case, and derive from it the fundamental wave equation by the procedure given by Schroedingerl and-independently by Eckart.2 The result is the equation given explicitly by Eckart ,V2, + H-H (r X V+) + 2k( +-=0, (1) ick \2 ri e and , denote the charge and mass of an electron, c the velocity of light, E the energy constant, k is an abbreviation for h/27r (h Planck's constant) and the vector r = ix + jy + kz.
If we introduce a system of polar coordinates r, t8, qp, taking the direction of the magnetic field as the polar axis, the equation becomes [ (1) is incorrect and that the problem must be approached in a different way.
2. It appears that the difficulty stated in section 1 is not a new one, but only an aggravated form of an old trouble of the theory of the Zeeman effect under which it labored from the very beginning of the quantum theory. The magnetic forces are not conservative and the integration constant of the dynamical equations for a system moving in a magnetic field does not represent the whole of the magnetic energy. Early workers in this field were puzzled why, taking into account only this part of the energy, they were led to correct results. It was pointed out by H. A. Lorentz3 that one can get around the difficulty by extending the system under consideration and by including into it the source of the magnetic field. The extended system will obey the law of conservation of energy and the ambiguity will be removed. We shall show that Lorentz's suggestion solves also the discrepancy in our case.
Let us use as the source of our magnetic field a current J moving, without resistance, in a closed linear conductor of uniform cross-section. We denote by q the position of a chosen particle of charge in this conductor and by q the uniform velocity of all the charges in it. If the linear density of charge is p and the coefficient of self-induction L, we have J = pq, while the energy of the current is LJ2/2 = Lp2j2/2.
Denoting for short by T and U the kinetic and potential energy of the electron in our hydrogen atom, we have for the total kinetic potential of the system, neglecting the interaction between atom and current, Ko = T + Lp2 2/2-U.
(5) To this must be added the contribution of the interaction. The electron moves with the velocity v in the magnetic field of the current, which can be described by the vector potential A. This gives rise to the term K' = -e(v.A)/c. We could write for the vector potential A = qAll where the vector A1 is independent of q. Similarly we can write for the strength of field H = qHl, with the relation H1 = V X A1. Moreover, making use of the indeterminateness of the vector potential, we subject VOL.-12, 1926 it to the conditions: A1 = 0, in the position of the nucleus, and V A1 = 0, generally. Finally, we must remember that we are dealing with the case that the field can be regarded as homogeneous over the size of the atom, so that H1 is constant and A1 = (H1 X r)/2. Therefore, we have K' = -ev-(H1 X r) q/2c = eH, (r X v) q/2c.
On the other hand the current is flowing in the magnetic field of the electron. It is, however, well known that this fact does not involve a new term in the kinetic potential. It only leads to a different formulation of K' and is taken care of by this term. The complete kinetic potential is, therefore, K juv2/2 + Lp2 2/2 + eHi (r X v) q/2c. (6) 3. Deriving from this the momenta and the Hamiltonian function in the usual way, we find p = ,v-e(r X Hl)q4/2c, pa = Lp2q + eHl (r X v)/2c, (7) (11)? Since, within the approximation here required, the velocity q of the electric charges in our conductor is constant, we have q = qt, and we had defined H = Hi j. This gives
the familiar expression of the Larmor precession. We see, therefore, that the discrepancy stated in section 1 is removed. The order of the two operations, introduction of rotating axes of coordinates and Schroedinger procedure, is interchangeable. Both ways we get the same solution of the problem. It hardly is necessary to add that this theory gives the Lorentz triplet and equal intensities for all three components of it.
Equation (2) is incorrect because it is based on the consideration of only a part of our energetic system. It could be obtained from (10) by the assumption of a very special complex dependence of 4, on q, which, without any doubt, is not justified because it does not give standing waves in the r, 4, (pi, q space. This relation, surmised also by Schroedinger, seems to follow in a much more direct and convincing way from our assumption than from Schroedinger's ingenious argumentation.
Our rule stands, also, the test of the Zeeman effect. Equation (2) 
